Mad1 expression in the absence of differentiation: effect of cAMP on the B-lymphoid cell line Reh.
The protein Mad1 heterodimerizes with Max to form an E-box binding complex able to interfere with the transcriptional and transforming activities of c-Myc. Downregulation of c-Myc accompanied by induction of Mad1 upon differentiation has fueled the notion that Mad1 may play a role in the cessation of proliferation associated with the differentiation process. Since studies on Mad1 expression have so far been limited to cells undergoing differentiation, it was of interest to examine Mad1 expression in a cell system unable to differentiate. To do so, we utilized the leukemia-derived B-precursor cell line, Reh, and studied the expressions of Mad1, c-Myc, Mxil, and Max during cAMP-mediated growth inhibition of these cells. Thus, the adenylate cyclase activator forskolin induced growth inhibition of the cells in the G1 phase of the cell cycle. This growth inhibition was associated with transient increased expression of Mad1 concomitant with transient downregulation of c-Myc. The Mad1 protein levels essentially paralleled those of mRNA, with peak levels at 4 h of forskolin treatment. By coimmunoprecipitation we detected increased binding of Mad1 to Max in forskolin-treated cells, indicating that the changes in Mad1 protein levels had functional implications. By continually treating Reh cells with forskolin for 72 h, we observed a sustained elevated expression of Mad1 concomitant with downregulated c-Myc expression, still without changing the differentiation profile of the Reh cells. Interestingly, we showed that other known cell cycle regulatory proteins also were transiently regulated by forskolin. To this extent, following forskolin treatment of Reh cells, cyclin E-cdk2 activity was transiently reduced concomitant with dephosphorylation of pRB. We suggest that the early changes in Mad1 and the cell cycle regulatory proteins initiate a chain of events resulting in permanent growth arrest. Thus, the increased expression of Mad1 in the absence of differentiation indicates that Mad1 expression in Reh cells is linked to growth arrest per se.